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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a large current 
switching power supply circuit whose power loss is small. 

SOLUTION: A switching regulator 18 is provided on the 
primary side of a power supply transformer 12 and a 
rectifying/smoothing circuit 20 is provided on the 
secondary side of the power supply transformer 18. The 
rectified and smoothed output current is supplied to a 
load 24 which needs a large load current through a 
series regulator 30. A power FET which has a low 
resistance and can operate with a low voltage and a 
large current is used as a switching device 41 which is 
the variable impedance device of the series regulator 
30. As the switching device 41 is a low resistance 
device even if a large current is applied, a voltage 
drop is small and a power loss can be substantially 
reduced, so that a low loss power supply circuit can be 
realized. 
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(57) [ABSTRACT] 

[PROBLEM TO BE SOLVED] To obtain a large current switching 
power supply circuit of which power loss is small, 
[SOLUTION] A switching regulator 18 is provided on the primary 

10 side of a power supply transformer 12 and a rectifying/ smoothing 
circuit 20 is provided on the secondary side of the power supply 
transformer 18. The rectified and smoothed output current is 
supplied to a load 24 which needs a large load current through 
a series regulator 30. A power FET which has a low resistance 

15 and can operate with a low voltage and a large current is used 
as a switching device 41 which is the variable impedance device 
of the series regulator 30. As the switching device 41 is a 
low resistance device even if a large current is applied, a 
voltage drop is small and a power loss can be substantially 

20 reduced, so that a low loss power supply circuit can be realized . 

[0003] 

Fig. 4 shows a conventional example of such a switching 
power unit 10, which has a power source transformer 12, and 
25 direct power (commutated power) is supplied from the terminal 
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14 to the primary coil 12a of the transformer, this direct 
power is switched by the switching transistor 16 connected 
to the primary coil 12a, and then high voltage switching pulse 
is generated on the secondary coil 12b. 
5 [0004] 

This switching pulse (voltage) is full-wave rectified 
by rectifying smoothing circuit 20 and then smoothed. The 
smoothed and commutated output voltage (drive voltage) is 
supplied to the load 24 . This drive voltage is further returned 
10 to the switching regulator 18, then the continuity angle of 
the switching transistor 16 is controlled so that power voltage 
is stable (stabilization). 
[0005] 

A series regulator 30 is provided between the rectifying 
15 smoothing circuit 20 and load 24. This series regulator 30 
is provided to attenuate the AC ripple component, direct voltage 
supplied to the terminal 14 and remaining in this direct 
component when commutated, and the switching ripple component 
generated by switching operation, to prevent the terminal 
20 voltage of the load 24 from fluctuating. 
[0006] 

The series regulator 30, as known, has a transistor 32 
as variable impedance element connected to the load 2 4 in series, 
the output voltage on the emitter side (load side) is detected 
25 by the voltage detecting means 34 comprising a pair of resistor 
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34a, 34b, the detected voltage is supplied to the differential 
amplifier 38 along with the reference voltage 36. The 
differential voltage is returned as control voltage for the 
transistor 32. The transistor 32 is controlled so that 
5 fluctuation of the voltage applied to the load 24 is minimized. 

[0014] 

Fig. 1 shows an embodiment of the switching circuit 10 
according to the invention, of which switching processing 

10 system follows the fundamental constitution as it is shown 
in the Fig. 4. For that reason, the circuit has the power 
transformer 12, and the power voltage which is direct current 
but not already stabilized, is applied to the terminal 14 of 
the primary side of the transformer, then the switching 

15 transistor 16 connected to the other terminal of the primary 
coil 12a is switching-controlled by the switching pulses of 
some lOKHz through some lOOKHz. 
[0015] 

The pulse voltage is obtained on the secondary coil 12b 
20 by the switching control. This pulse voltage is full-wave 
rectified by rectifying and smoothing circuit 20 consisting 
of a pair of diodes and a capacitor, and then the full-wave 
rectified secondary voltage is further smoothing processed. 
[0016] 

25 The secondary voltage obtained in the rectifying and 
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smoothing circuit 20 is applied to the load 24 as its drive 
voltage, and then the drive voltage which is voltage across 
the load 24 is negatively f eedbacked to the switching regulator 
18, which stabilizes the secondary voltage. 
5 [0017] 

According to the invention, the series regulator 30 is 
connected in series with the load 24. In the series regulator 
30, the switching element 41 is connected to the load 24 in' 
series, and the voltage of the output stage (load 24 side) 

10 is applied to the load 24. The secondary voltage applied to 
the input stage of the switching element 41 is divided by the 
reference voltage means 42 comprising a pair of resistance 
42a, 42b connected in series , and the divided voltage is applied 
to the + terminal (non-inversion terminal) of operational 

15 amplifier 44 with high gain as a reference voltage. The output 
voltage of the switching element 41 is supplied to the - terminal 
(inversion terminal) . In other words, the output voltage is 
voltage into which the voltage applied to the series circuit 
with switching element 41 and load 24 is divided. For power 

20 voltage of the operational amplifier 44, higher voltage than 
the secondary voltage is used. 
[0018] 

The capacitor 42a for generating reference voltage is 
connected to the resistance 42c, by which low-pass filter 46 
25 is formed. The low-pass filter 46 is provided to prevent ripple 
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amount (AC ripple amount and switching ripple amount ) contained 
in the secondary voltage from being transferred to the load 
2 4 via the switching element 41. Because the switching 
frequency is some lOKHz to some lOOKHz, the above-mentioned 
5 ripple amount can be filtered by setting the cut-off frequency 
of the low-pass filter 46 to approximately lKHz (refer to the 
constants in the Fig. 2). 
[0019] 

In this invention, element which can handle large current 
10 with low voltage and low resistance is used as variable impedance 
element 41, and power FET (for example, MTD20N03HDL) is used 
in this example. When using power FET, it is connected so that 
its drain is on the load 24 side, thus, the output of the 
operational amplifier 44 is applied on the gate. 
15 [0020] 

In this power FET 41, as known, the minimum value of 
the ON-resistance is some lOmQ (for example, approximately 
30mQ ) . Therefore, as shown in the Fig. 2, when exemplifying 
the case that nearly 5V (for example, 4.9V) as drive voltage 

20 of the load 24 becomes constant voltage for the load 24 with 
2A, the voltage drop between source and drain is slightly small 
because it is a low resistance element. For that reason, 
winding ratio of the power transformer 12 and direct current 
voltage to the terminal 14 are selected so that direct current 

25 voltage of approximately 5V as secondary voltage is obtained. 
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[0021] 

When the minimum ON-resistance is 30mQ and ripple amount 
of the secondary voltage is lOOmVP-P provided that the secondary 
voltage of 5V is obtained, the voltage drop of the power FET 
5 41 is small amount of 60mV if the load current is 2A. For that 
reason, the drive voltage V applied to the load 24 is: 
V=5 . 0V-60mV- (100/2)mV=4 .89V 

In other words, as only very small voltage drop occur, it is 
sufficient only to set slightly higher voltage (5,0V) than 

10 the drive voltage (4.89V) as secondary voltage even if the 
series regulator 30 is used. For information, when in this 
voltage relation, resistance value Ra, Rb of the resistor 42a, 
42b for setting reference voltage can be selected as shown 
in the Fig. 2. 

15 [0022] 

The fact that slightly higher voltage than drive voltage 
can be set as output voltage is, putting in another way, that 
there are some advantages that the power transformer 12 that 
is small number of windings can be used, slightly higher voltage 
20 than load voltage can be used as commutated voltage applied 
to the terminal 14, therefore commercialized small scale power 
circuit (circuit including the power transformer 12 to- 
rectifying and the smoothing circuit 20) can be used. 
[0023] 

25 Generally, the output voltage of multi-purpose power 
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circuit are 5V, 8V, 10V and 12V and so on, and even the lowest 
voltage power circuit among them can be used. When using power 
circuit of 5V, it is general to set 3V as a drive voltage of 
load 24. 
5 [0024] 

In conjunction with low resistance element, power loss 
of the power FET 41 is greatly improved. For example, as 
described above, when the voltage drop is 60mV with load current 
of 2A, power loss is only 120mW. Because heating decreases 
10 to the extent as power loss decreases, heat discharging means 
is sufficiently simple. 
[0025] 

Because the power FET 41 can handle large current, only 
single power circuit can supply required current to the load 
15 24 . When using series regulator with low power loss, a number 
of power circuits must be connected to obtain intended current . 
In this point, only single power circuit is required, therefore, 
this allows the scale of circuit, to be compacted. 
[0026] 

20 In the Fig. 1, the reference voltage given to the + terminal 

of the operational amplifier 44 is generated by using the 
secondary voltage obtained on the input stage of the power 
FET 41, however, reference voltage generating means 42 made 
to constant voltage can be constituted by using constant voltage 

25 element 50 such as Zener diode instead of the other resistance 
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42b as shown in the Fig. 3. Reference voltage generating 
circuit instead of constant voltage element can be used. 
[0027] 

In Fig* 1 and 3, it is possible to insert iz type 
5 constituted ripple filter using coil and capacitor in front 
stage of the series regulator 30. 

[Brief description of drawings] 

[Fig. 1] Fig. 1 is a systematic view of primary part showing 
10 one embodiment of the switching power circuit according to 
the invention. 

[Fig. 3] Fig. 3 is a systematic view of primary part showing 
another embodiment of the switching power circuit according 
15 to the invention. 

[Fig. 4] Fig. 4 is a systematic view of conventional switching 
power circuit. 

[Description of codes] 
20 10-"*- Switching power circuit 

20 Rectifying and smoothing circuit 

24 Load 

30 mmmm Series regulator 

41 Switching element 

25 42 Reference voltage generating means 
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44..-. operational amplifier 
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